tachments with air trapping, hyperinflation and more obstruction. 2, 3 Lung triggered inflammation can pass in the systemic circulation and, alongside with chronic hypoxemia and deconditioning, can contribute to systemic complications and aggravation of comorbidities.
COPD associates several comorbidities (increased risk to lung cancer, increased cardiovascular morbidity, osteoporosis, muscle weakness, increased risk of diabetes or depression, frequent respiratory infections), poor quality of life, decrease in effort capacity, high mortality. 1, 4, 5 Early diagnosis and correct treatment improve symptoms, the quality of life and survival.
COPD exacerbations are acute events that associate worsening of COPD symptoms (dyspnea, cough and/or sputum) and may require the modification of stable COPD therapy. [6] [7] [8] COPD exacerbations damage the quality of life, bring a plus of inflammation, and decline the lung function, increase mortality and associate high socio-economic costs.
Accurate early prediction of exacerbation and mortality risk can help with patient selection upon risk and may provide appropriate early treatment initiation. 6 The risk of having frequent exacerbations is clearly demonstrated by recognized studies in patients with specific criteria: previous exacerbation in the last year, decrease in FEV1s, increase in the score of St. George Questionnaire (life quality diminution), high levels of some inflammatory biomar-kers -neutrophils, C-reactive protein (CRP), fibrinogen, pro-calcitonin, eosinophils, IL-6, IL-8, chemokine ligand 18 (CCL-18/PARC), surfactant protein D (SP-D). [9] [10] [11] Simultaneously, elevated levels of CRP, fibrinogen and leukocyte count in COPD patients were associated with increased risk of having exacerbations. [12] [13] [14] In the same time, elevated levels of the three biomarkers are associated with an increased risk of major comorbidities in COPD. Biomarker detection may be an additional tool in risk quantification and management of COPD comorbidities. [15] [16] [17] [18] Detection of pathologic levels of inflammatory biomarkers improves the ability to predict the mortality risk in COPD alongside with the BODE index (BMI, obstruction in lung function, dyspnea scale, 6-minute walk test) and may provide a targeted treatment. 19, 20 roLE oF dEtEctInG BIoMArKErS In coPd Although biomarker evaluation in COPD is particularly promising, at the moment there isn't any absolutely specific and sufficiently sensitive biomarker to predict the progression of the disease, the occurrence of exacerbations, the evolution under treatment or the mortality risk. 12, 14 Markers that have been designated as potential indicators for increased risk of developing COPD in smokers or subjects exposed to hazards and the exacerbation can be determined from different samples:
• spontaneous and induced sputum; • condensated expiration; • blood;
• bronchial biopsy and bronchoalveolar lavage fluid.
Elevation of the biomarkers during the COPD exacerbation and their decreasing after correct exacerbation treatment, can be quick methods for positive diagnosis of exacerbations (even mild or moderate) and an indicator for treatment efficiency.
Future studies are needed in order to validate the importance of the biomarkers in diagnosing and prognosis assessment. Furthermore, a standardized technique for biomarker evaluation is needed, as well as establishing their reference values.
BLood BIoMArKErS In coPd

High sensitivity C-reactive protein (CRP)
CRP is a well-known "acute phase" inflammation marker which binds the receptors of phagocytes and plays a role in clearance of the cell with apoptosis or necrosis. 12, 21 CRP is synthesized in hepatocytes; its action is strongly correlated with other inflammatory mediators -IL-6, IL-1. 21 In stable COPD, an increased CRP was found to be independent from other factors such as smoking or cardiovascular damage. 22 While the rise of CRP is strongly associated with COPD severity and the decline in FEV1, CRP is qualified as a promising biomarker. 23, 24 CRP was also correlated with systemic inflammation effects: decreased energy, decreased functional capacity in patients, cardiovascular complications. 25 CRP is currently used as an instrument for guiding preventive therapy with statins in cardiovascular disorders. 26 Elevated CRP has been linked to an increased risk of exacerbations that require hospitalization. High levels of CRP were related to increased COPD mortality, especially by lung cancer and cardiovascular complications. 26, 27 The highly sensitive CRP was found increased even in mild COPD before, the occurrence of muscle inflammation and muscle loss. 28 Treatment with corticosteroids does not influence the decrease of CRP levels. 29 
Fibrinogen
Plasma fibrinogen is an acute phase reactant of inflammation. Numerous studies have shown that fibrinogen levels are elevated in stable COPD (even outside exacerbations) in relation to the increasing decline of FEV1 along with other biomarkers (CRP, white blood cells, TNF-α, IL-6, IL-8). 6, [10] [11] [12] 24 Increased fibrinogen certifies systemic inflammation in stable COPD and may partially explain some systemic side effects such as muscle wasting, osteoporosis and cardiovascular effects. 5, 6, 30 The ECLIPSE study has demonstrated that an elevated fibrinogen in COPD is a predictive marker of an increased risk for exacerbations, hospitalization and mortality. 6, 31 
Neutrophils
It is a well-known fact that inflammation in COPD is due to the growth and action of the neutrophil cells. A high level of blood neutrophils is associated with an accelerated decline in FEV1 even outside exacerbations. 32 The blood neutrophil level is a predictive marker for future exacerbations (ECLIPSE study). 6, 33 COPD exacerbation brings more inflammation and determines the rise of blood biomarkers compared to stable COPD. 6, 12 Increased blood eosinophils, in COPD exacerbations, act as a sensitive indicator for systemic corticosteroid treatment introduction. Simultaneous increase of the three most relevant biomarkers (CRP, neutrophils and fibrinogen) has a strong sensibility and specificity of predicting the risk for COPD exacerbation. 6, 34 
Procalcitonin
Numerous studies have shown that procalcitonin levels were significantly higher during bacterial exacerbations of COPD with bacteremia. [35] [36] [37] Thus, procalcitonin is a good marker for the differentiation of bacterial exacerbations from other causes, thereby contributing to the initiation of a targeted antibiotic treatment.
Vascular Endothelial Growth factor (VEGF)
VEGF has been associated with an increased deterioration of pulmonary hypertension in COPD and with an increased risk for COPD exacerbations. 38 
Surfactant Protein D (S-PD)
S-PD is an "air" protein with great specificity for pathologic damage in the alveolar septa in COPD. S-PD is synthesized and secreted from type II pneumocytes and Clara cells in the bronchioles. 39, 40 S-PD modulates the immune response (decreases the expression of pro-inflammatory cytokines, decreases lymphocytes and oxidative stress and increases phagocytosis). 29, 40 Recent studies have shown the importance of S-PD in antibacterial defense against pathogenic species encountered in bronchial colonization in COPD and in exacerbations: Pseudomonas aeruginosa, Klebsiella pneumoniae, Haemophilus influenzae, Streptococcus pneumoniae or Staphylococcus aureus. 40 S-PD is elevated in COPD and in smokers, and is associated with an increased risk of exacerbations. Inhaled or systemic corticosteroids lower the S-PD. 10, 29, 33 Tumor necrosis factor-alpha (TNF-alpha) TNF-alpha mediates inflammation and is elevated in chronic stable COPD and in exacerbations. TNF-alpha has implications in muscle weakening, skeletal muscle atrophy and cachexia in advanced COPD. 41 COPD is a chronic inflammation with T lymphocyte cell effectors that can induce cytotoxic LyTCD8 -via "granzyme B and perforine" (mediators of cytoplasmic granules) and epithelial cell apoptosis. T Ly percentage of intracellular granzyme B expression is increased in the blood of patients with COPD, unlike asymptomatic smokers. 42 
Brain-type natriuretic peptide (BNP)
BNP -a marker of cardiac suffering, was found to have high levels in patients with COPD compared with asthma patients or with controls (smokers) and was associated with an increased risk of exacerbations. 43 
Serum troponin
Troponin is increased in patients with COPD exacerbation, and high levels are associated with an important risk of mortality (by hypoxemia, pulmonary hypertension and acute cor pulmonale). 19 
SPutuM BIoMArKErS In coPd
Increased neutrophils in the sputum of COPD patients, is an early described phenomenon and it is determined by specific inflammation. [44] [45] [46] Neutrophils are elevated in stable COPD compared to smokers and much more in exacerbations (sensitivity of 70% and specificity of 84%). 8, 13, 46 Neutrophil elastase growth (NE) and other antimicrobial peptides correlate with the severity of COPD exacerbations. Elevation of IL-6, IL-8 and TNF-alpha mediator levels correlate with persistent symptoms in exacerbation and their decrease announces the remission period. 11, 13 Myeloperoxidase (MPO), TNF-alpha, IL-8 are associated with sputum purulence in bacterial exacerbations and high levels of WBC. 6, 8 An increased number of eosinophils in the sputum can identify patients at risk for exacerbations, and patients with Asthma-COPD Overlap Syndrome (ACOS) who would benefit from early treatment with inhaled corticosteroids. 6, 47, 48 It is well-known that VEGF has a central role in vascular remodeling in COPD (with the appearance of pulmonary arterial hypertension). VEGF was found to have an increased level in the induced sputum in COPD patients compared to non-COPD smokers or non-smokers. 17 
MArKErS In ExhALEd AIr In coPd ExAcErBAtIon
FENO -"fractional nitric oxide exhaled" in exhaled air in COPD is produced in the central and peripheral airways. FENO increase in COPD patients was higher than normal and this observation is closely related to infectious exacerbations of COPD (especially viral infections) and correlates with sputum eosinophilia and decline in FEV1. 11 FENO declines along with the decrease of FEV1 during exacerbation remission. 49 The "exhaled breath condensate" (rich in water vapors and several active molecules) has the same significance and permits the determination of a large number of cytokines (TNF-alpha, IL-6, IL-8, isoprostane, leukotrienes -moderators of inflammation and oxidative stress in COPD). 50, 51 
MArKErS In Study
Numerous ongoing studies are investigating the possible relevance of biomarkers in the early diagnosis of COPD, progression and complication assessment, but also study the benefit for targeted prevention and early treatment. 52 Some markers seem to show promising results:
1. "Receptors and ligands to RAGE" ("Receptors for Advances Glycation End product") -involved in the glycation of serum lipids and proteins that alter the structure and function of endothelial/epithelial cells in COPD. 53 2. "Clara cell protein" (CC16) has lower blood levels in COPD patients (current smokers or ex-smokers) than in patients without COPD. CC16 deficit would express Clara cells deficit in patients with COPD. CC16 is influenced by age and sex, but is independent of nutritional status or phenotypes (bronchitis/emphysema). 54 The drop of CC16 in COPD is associated with the deficit in anti-inflammatory action and detoxifying effect of the molecule. 55 3. Serum Copeptine (a vasopressin precursor) is considered to be a predictive marker for an unfavorable prognosis in COPD (independent of age, comorbidities, hypoxemia or respiratory function). Elevated Copeptine in patients with multiple exacerbations is associated in 73% of cases with an increased risk of unfavorable outcome, prolonged hospitalization, need for intensive care and increased mortality risk in the upcoming 6 months. 56 4. Adiponectine -at high blood levels in COPD patients it correlates with an increased risk of disease progression and mortality. 57 Adiponectine (produced in the fat tissue) grows parallel with weight loss and cachexia in advanced COPD;
5. Apolipoprotein A1 and lipocallin-1 were found in low levels in COPD compared to healthy smokers. The values correlate with disease severity and with a diminished lung function (FEV1/FVC). Considering the contribution of apolipoprotein A1 and lipocalin-1 in immune defense, their decrease may contribute to fostering infectious exacerbations. 58 concLuSIon Inflammatory biomarker detection in COPD remains a seductive and very promising field in the near future. Some aspects of using biomarkers are still vague: standardization of indications, technique, rhythm of determination and pathological values. Numerous studies aim to identify the dynamic relationships between biomarkers and disease progression especially for treatment guiding, based on the dynamic evolution of specific markers. Future studies are considering the standardization technique for determination and interpretation. At the same time, there is an interest to increase their widespread applicability. 59, 60 Evaluation of different subgroups of COPD (phenotypes) will be significantly more nuanced and easier with closer monitoring of specific markers. The use of biomarkers in COPD characterization will find its place in the guideline recommendations for disease diagnosis, prevention and treatment.
